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The degree of ground coverage by arable crops as a help in 
estimating the amount of spray solution intercepted by the plants 
Bodendeckungsgrade bei Flächenkulturen als Hilfsmittel zum Abschätzen der lnterzeption von Spritzflüssigkeiten 
By Franz A. Becker1), A. W. Klein2), R. Winkler2), B. Jung1), Hermann Bleiholder1) and F. Schmider1) 
Abstract 
For typical pesticide spray-application scenarios, estimates of the 
fractions of spray liquid intercepted by the plants are presented 
for various field crops, depending on the crop growth stage. 
Since any direct (analytical) determination would have required 
a relatively high level of experimental effort, the approach se-
lected was to estimate these data based on crop ground-coverage 
records from more than 2000 herbicide field trials in Central and 
Northern Europe (years 1993-1996). Interception factors are im-
portant for the assessment of compounds during product regis-
tration, therefore some crop specific values were derived from 
the data presented. The results are compared to data reported in 
the literature. 
Key words: Interception, spray application, field crops, ground 
coverage, pesticides 
Zusammenfassung 
Für typische Spritzanwendungen von Pflanzenschutzmitteln im 
Rahmen Guter Landwirtschaftlicher Praxis werden Richtwerte 
des Interzeptionsfaktors (Anteil der Spritzflüssigkeit, den die 
Kultur aufnimmt) vorgelegt. Um den hohen experimentellen 
Aufwand für die direkte (analytische) Bestimmung dieser Werte 
zu umgehen, wurden entsprechende Daten aus über 2000 Frei-
land-Herbizidversuchen in Mittel- und Nordeuropa (Jahre 
1993-1996) aus dem Boniturmerkmal „Deckungsgrad der Kul-
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tur" abgeleitet. Interzeptionsfaktoren sind hinsichtlich der Stoff-
bewertung im Rahmen der Zulassung von Bedeutung, entspre-
chende Werte wurden aus den vorliegenden Daten abgeleitet. Die 
Ergebnisse werden für die wichtigsten Feldkulturen in Abhän-
gigkeit vom Entwicklungsstadium dargestellt und diskutiert. 
Stichwörter: Interzeption, Spritzanwendungen, Feldkultu-
ren, Bodendeckungsgrad, Pflanzenschutzmittel 
lntroduction 
Generally, when a spray solution is applied to a crop stand, both 
the crop (possibly also competitor plants) and the soil are wetted. 
In the case of herbicides with soil activity this may be desirable, 
but in other cases it is undesirable. The proportions of spray so-
lution reaching the crop plants and the soil vary considerably, de-
pending on the crop itself, cultivation methods (e.g. drilling den-
sity and structure of the stand), growing conditions ( e.g. weather, 
fertilization) and, in particular, the stage of crop development. 
For good agricultural practice, however, it is of considerable 
interest to have approximate values for the interception factor 
(i.e. the amount of spray solution actually reaching the crop) 
available for typical treatment situations. 
These factors are of specific importance for a realistic assess-
ment of pesticide exposure within the framework of pesticide 
registration. Only the fraction of a pesticide that reaches the soil 
should be used to calculate its concentrations in soil and further 
in surface water and ground water. Therefore the fraction of 
dosage emitted into the air as well as the fraction that is inter-
cepted by the crop are to be taken into consideration. 
The determination of the interception factor entails quite a Jot 
of experimental work. This is one of the reasons why relatively 
little data is available in the literature. The data is nowhere near 
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Results enough to provide a comprehensive overview of the typical in-
terception factors for agricultural conditions in Central Europe. 
The alternative is to estimate the interception factors. The es-
timate can be based on the degree of ground cover by a particu-
lar crop, that is the percentage area of the soil covered by crop 
plants in a vertical projection. Assuming that good agricultural 
practice is observed when spraying, the interception factor (in%) 
should more or less correspond to the degree of crop cover 
(in%). Here it should not be forgotten that in dense plant stands 
and when multiple layers of foliage are present the estimate will 
be less accurate, due to the more complex movement and distri-
bution of spray droplets. The fact that the degree of crop cover is 
a parameter routinely assessed several times in herbicide field tri-
als comes in useful for making estimates. A wide range of data is 
available from this source which can be of help in assessing the 
interception factors in typical treatment situations. 
Please refer to the "Compendium of Growth Stage Identification 
Keys for Mono- and Dicotyledonous Plants, Extended BBCH 
Scale, Autumn 1994" (STAUSS, 1994) for the description of the 
crop growth stages in the following tables. The grounds for the 
estimation of the interception by crop plants are given in the dis-
cussion. 
Discussion 
The crops appearing in the tables are those found in the majority 
of arable farming areas in Central, Northern and Western Europe. 
Differences between the types of crop 
The following is a presentation of data from herbicide field tri-
als carried out under practical conditions by BASF in Central and 
Northern Europe between 1993 and 1996. The assessments are 
from more than 2000 individual trials carried out in Germany, 
Belgium, the Netherlands, Denmark, Sweden and Great Britain. 
The aspect of weed eo ver and the degree of interception that this 
accounts for will not be dealt with here. 
The data for spring and winter cereals and also for different 
cereal species largely correspond to one another. Only the initial 
values (at stage 11-19) are different - in spring cereals higher 
than those for the winter form, due to the drilling density. The 
maximum degree of cover by cereals is reached after the first 
third of the shooting phase. 
The coverage by maize is relatively low at the (early) growth 
stages at which herbicide sprays have to be applied. In this case 
Table 1. Degree of ground cover by winter wheat at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover' 
Mean Minimum Maximum 
11-19 117 19.3 4.7 50.0 
21-29 359 40.8 5.0 94.5 
30-33 519 59.3 18.3 98.3 
34-49 343 74.8 28.8 100.0 
51-59 110 77.1 20.0 100.0 
61-69 40 76.3 27.5 100.0 
71-97 62 85.5 58.3 100.0 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100 %) 
** SO = Standard deviation 
Table 2. Degree of ground cover by spring wheat at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover* 
Mean Minimum Maximum 
21-29 9 36.7 25.0 48.3 
30-33 15 59.1 36.7 78.3 
35-49 19 73.9 40.0 96.0 
51-59 14 73.6 40.0 81.7 
61-69 18 89.3 50.0 98.3 
71-92 14 86.6 80.0 96.0 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100 %) 
** SO = Standard deviation 
Table 3. Degree of ground cover by winter barley at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover* 
Mean Minimum Maximum 
11-19 121 15.4 2.0 85.0 
21-29 356 41.2 3.0 95.0 
30-33 260 61.8 20.0 96.7 
34-49 123 79.4 25.0 100.0 
51-59 65 75.5 38.8 100.0 
61-69 68 89.8 36.7 100.0 
71-89 34 89.3 53.3 100.0 
90-97 15 86.0 62.7 93.3 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100 %) 
** SO = Standard deviation 
Estimated lnterception 
SO** Factor (%) 
10.7 19-30 
18.9 41-60 
17.9 59-77 
14.9 75-90 
14.2 77-91 
22.0 76-98 
10.3 85-96 
Estimated lnterception 
SO** Factor (%) 
8.2 37-45 
12.2 59-71 
17.8 74-92 
13.7 74-87 
11.9 90-98 
5.2 87-92 
Estimated lnterception 
SO** Factor (%) 
12.7 15-28 
22.2 41-63 
20.3 62-82 
16.5 79-96 
15.8 75-91 
11.6 90-100 
11.7 90-100 
8.3 86-94 
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Table 4. Degree of ground cover by spring barley at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover* 
Mean Minimum Maximum 
13-17 6 31.6 28.8 35.0 
21-29 27 36.3 16.7 85.0 
30-33 26 64.0 30.0 96.5 
35-49 41 76.4 30.0 100.0 
51-59 34 80.1 23.8 100.0 
61-69 17 87.1 58.3 98.3 
71-92 28 90.4 68.8 98.3 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100 %) 
** SO = Standard deviation 
Table 5. Degree of ground cover by winter rye at various growth stages 
G rowth stage BBCH n (No. of trials) % Ground cover * 
Mean Minimum Maximum 
13-16 6 14.5 10.0 20.0 
21-29 32 31.5 14.7 60.0 
30-33 55 52.8 20.0 83.3 
35-49 27 64.8 35.0 91.7 
51-59 31 74.7 40.0 95.0 
61-69 8 80.2 60.0 93.3 
71-92 8 77.0 50.0 94.0 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100 %) 
** SO = Standard deviation 
Table 6. Degree of ground cover by oats at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover * 
Mean Minimum Maximum 
37-49 7 72.4 56.7 80.0 
51-59 7 86.9 78.3 95.0 
61-71 5 92.0 80.0 100.0 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100 %) 
** SO = Standard deviation 
Table 7. Degree ot ground cover by maize at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover * 
Mean Minimum Maximum 
12-14 86 7.1 2.0 30 
15 71 11.9 6.0 25 
16 54 18.4 7.0 70 
17 98 16.5 7.0 40 
18 44 22.7 10.0 53 
19 53 31.9 13.0 90 
30-33 283 29.8 15.0 95 
34-39 137 41.7 25.0 90 
50-59 82 61.1 40.0 85 
61-69 53 76.3 48.0 100 
71-89 45 82.4 60.0 100 
Estimated lnterception 
SO** Factor (%) 
2.4 32-34 
20.3 36-57 
19.8 64-84 
22.7 76-99 
18.4 80-98 
11.3 87-98 
8.5 90-98 
Estimated lnterception 
SO** Factor (%) 
4.6 14-19 
13.0 31-44 
14.1 53-67 
14.3 65-79 
15.8 75-91 
12.4 80-92 
15.1 77-92 
Estimated lnterception 
SO** Factor (%) 
7.9 72-80 
7.8 87-95 
8.4 92-100 
Estimated lnterception 
SO** Factor (%) 
5.0 7-12 
4.9 12-17 
16.2 18-34 
9.6 17-37 
10.2 23-33 
18.5 32-50 
14.7 30-44 
15.4 42-57 
13.1 61-74 
10.8 76-87 
11.8 82-94 
Note: Regarding post-emergence applications of corn herbicides, the degree of ground cover by the weed population is by far more relevant 
for the assessment of the interception factors at early growth stages. 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100%) 
SO = Standard deviation 
spray interception by the crop plant is of minor importance, it is 
the population of weeds and grasses which counts. 
The mean degree of cover by winter oilseed rape is less than 
that in a cereal stand with a relatively wide range of values. 
The situation is similar for fodder peas - in this case it is also 
due to the typical varietal habit of the crop (leafless or semi-leaf-
less varieties). 
Nachrichtenbl. Deut. Pflanzenschutzd. 51. 1999 
Differences occurring with a crop 
The relatively high level ofvariation in the values (see the stand-
ard deviations and maxima and minima in tables 1-11) arises 
from 
- the chosen range of classes, each including a number of 
growth stages; 
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Table 8. Degree of ground cover by winter oilseed rape at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover * Estimated lnterception 
Mean Minimum Maximum SO** Factor (%) 
10-11 8 6.6 1 15 6.2 7-13 
12 25 8.5 4 18 4.6 9-14 
13 41 9.8 1 35 7.5 10-17 
14 67 19.0 3 92 17.8 19-37 
15 56 34.1 11 94 24.1 34-58 
16 54 33.7 15 93 19.8 34-54 
17 46 38.8 20 98 18.7 39-58 
18 44 53.9 30 91 21.5 54-75 
19 70 55.8 33 100 18.7 56-74 
20-29 14 61.2 50 88 19.9 61-81 
31-39 42 67.6 38 99 15.3 68-83 
51-59 58 79.9 62 100 11.6 80-91 
61-69 11 77.1 57 100 15.2 77-92 
71-89 13 88.9 73 100 9.7 89-98 
92 7 90.5 82 100 7.4 90-97 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100 %); ** SO =Standard deviation 
Table 9. Degree of ground cover by sugar beet at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover * Estimated lnterception 
Mean Minimum Maximum SO** Factor (%) 
10 39 1.6 0.2 4.0 1.0 2-3 
11 50 2.3 1.0 6.0 1.4 2-4 
12 56 4.7 2.0 15.0 2.8 5-7 
13 12 13.1 5.0 23.8 5.8 13-19 
14 42 11.3 5.0 25.0 5.8 11-17 
15 34 12.9 7.0 25.0 5.2 13-18 
16 31 19.1 10.0 51.7 8.8 19-28 
17 22 14.5 10.0 33.3 6.2 15-21 
18 45 23.0 12.0 50.0 10.8 23-34 
19 38 39.5 30.0 60.0 9.0 40-49 
31 28 45.6 35.0 85.0 11.8 46-57 
33 27 58.9 40.0 89.5 13.9 59-73 
35 6 64.0 45.0 75.0 8.4 64-72 
37 4 75.0 66.7 80.0 6.9 75-82 
38 2 90.0 90.0 90.0 0 90 
39 12 83.9 80.0 100.0 6.8 84-91 
43-46 34 98.1 95.0 100.0 2.4 98-100 
47-49 12 98.1 90.0 100.0 3.2 98-100 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100%); ** SO = Standard deviation 
Table 10. Degree of ground cover by potatoes at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover * Estimated lnterception 
Mean Minimum Maximum SO** Factor (%) 
10-18 28 8.7 1.0 38.3 9.1 9-18 
21-29 10 30.4 15.0 73.3 15.7 30-46 
31-39 26 37.4 5.0 68.3 16.2 37-53 
51-55 16 71.2 56.7 90.0 10.3 71-81 
61-89 27 74.0 50.0 95.0 11.2 74-85 
91-99 5 35.7 5.0 55.0 20.6 36-56 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100 %); ** SO= Standard deviation 
Table 11. Degree of ground cover by fodder peas at various growth stages 
Growth stage BBCH n (No. of trials) % Ground cover * Estimated lnterception 
Mean Minimum Maximum SO** Factor (%) 
10-15 19 18.8 4.3 50.0 13.8 19-33 
16-21 39 29.0 10.0 92.8 25.1 29-54 
30-39 15 37.8 15.0 88.8 21.8 38-60 
51-59 20 51.1 25.0 95.0 25.0 51-76 
61-69 85 67.7 31.7 100.0 21.4 68-89 
71-85 41 70.3 38.3 100.0 22.7 70-93 
* Oegree of ground coverage = Vertical projection of ground cover by the crop (maximum 100 %); ** SO= Standard deviation 
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the distribution of trials over various countries and years; 
- the fact that both extensively cultivated, thinner crop stands 
(as a result of the selection of trial sites favourable for weeds) 
and intensively cultivated denser plant stands were included in 
the data. Since the data originates from plots in which no weed 
control was undertaken, the degree of crop coverage also de-
pends on the corresponding amount of weed competition. 
(Degrees of coverage from areas where weeds were controlled 
would be more useful, but not enough results are availabe.) 
This last point is particularly reflected in the range of variation 
in the data (minimum - maximum). 
lt must also be noted that when the degree of crop cover is low 
the generally high weed cover is a complementary interception 
factor. This is not taken into consideration in the available data. 
Considering these points we suggest that under practical con-
ditions a realistic estimate of the interception factor ( crop) from 
the !ist of data should be derived not from the area around the 
mean, but from somewhere above the mean value. The range be-
tween the mean and mean + standard deviation is shown in the 
final column of tables 1-11. Approximately one third of the in-
dividual values lie within this range. This also takes into account 
the fact that plant protection measures are generally more fre-
quent in intensively cultivated ( == usually denser) crop stands 
than u11der more extensive cultivation conditions. 
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Comparison with experimental data found in the 
literature 
Experimental data 011 the interception factor are summarized in 
table 12. Considering the given variation and the special points 
mentioned above, it is worthy of note that these few data give 
support to the estimates in the previous tables. 
Regulatory comments 
Under practical aspects of pesticide exposure assessment, it may 
be useful to put together several growth stages of crops. Based 
011 the above data, examples with regard to a "realistic worst-
case" for exposure examinations are given in table 13. 
Furthermore it appears reasonable to establish a uniform, simpli-
fied grouping of growth stages for cereals in general (see table 
14). 
With regard to all respective information available so far for 
decision-making on the authorization of plant protection prod-
ucts in the Federal Republic of Germany, every endeavour 
should be made to succeed in internationally harmo11izing 
these criteria. 
There should be a set of data agreed on by all EU member 
states, facilitating any mutual recognition. 
Table 12. References for the determination of interception factors in arable crops 
Crop or cover plant Treatment % lnterception Source 
Maize 
(incl. weeds) 
Maize, 1 month 
alter emergence 
Maize, 
lull growth 
Wheat 
at 4-5-leal stage 
(incl. weeds) 
Wheat straw, 
chopped 
8.4; 16.8; 33.6 dt/ha 
Wheat straw 
Wheat 
Wheat 
Weeds 
Wheat 
BBCH 32 
Grass 
Wheat, winter 
Grass 
Potatoes, beets 
2-4 weeks alter 
emergence 
Potatoes, beets 
lull growth 
Peas, shortly 
alter emergence 
Peas, 
around bloom 
Sprouts 
lull growth 
Onions 
lull growth 
atrazine 
herbicide 
lungicide 
2,4-D 
herbicide 
herbicide 
diclolop-methyl 
2,4-D 
herbicide 
lungicide 
herbicide 
various 
various 
insecticide 
various 
insecticide 
various 
insecticide 
lungicide 
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60-70 
10 
80 
51 
23.6; 44.7; 70.7 
up to 70 
27 
52 
correlated with 
leal area index 
90 
41 
20 (Oct.-March) 
80 (April) 
90 (May) 
96 (June) 
40 
20 
80 
10 
70 
70 
50 
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Table 13. lnterception of pesticides in arable crops 
Crop BBCH-Code Description of growth stages F int (%) 
all 
maize 
00-09 
10-19 
30-39 
50-69 
70-89 
10-19 
20-39 
50-99 
10-19 
30-39 
> 40 
10-19 
20-39 
50-89 
90-99 
10-19 
30-59 
60-89 
Germination-Emergence 
Leaf development 
0 
25 
50 
75 
90 
40 
80 
90 
20 
70 
90 
15 
45 
80 
50 
35 
55 
85 
Stern elongation 
lnflorescence emergence - Flowering 
Development of fruit - Ripening 
rape Leaf development 
beet 
Formation of side shoots - Stern elongation 
lnflorescence emergence - Senescence 
Leaf development 
Rosette growth 
potatoes 
Development of vegetative plant parts - Senescence 
Leaf development 
Formation of basal side shoots - Main stem elongation 
lnflorescence emergence - Ripening 
Senescence 
peas Leaf development 
Stern elongation - lnflorescence emergence 
Flowering - Ripening 
Table 14. Spray interception by cereals 
Crop BBCH-Code 
wheat, barley, 00-09 
rye, oats 
10-19 
20-29 
30-39 
40-99 
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Description of growth stages 
Germination - Emergence 
Leaf development 
Tillering 
Stern elongation 
Booting - Senescence 
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Am 22. und 23. Februar 1999 fand bei der Fachgruppe Anwen-
dungstechnik der Biologischen Bundesanstalt für Land- und 
Forstwirtschaft (BBA) eine Tagung der Mitglieder des „Euro-
pean Network for Testing of Agricultural Machinery" (ENTAM) 
statt. 
Die Aktivitäten von ENTAM gehen zurück auf die Grün-
dungsmitglieder, die Bundesanstalt für Landtechnik (BLT) in 
Österreich, das Consorzio Nazionale per la Meccanizzazione 
Agricola (CONAMA) in Italien, die Deutsche Landwirtschafts-
gesellschaft (DLG) in Deutschland und die Eidgenössische For-
schungsanstalt für Agrarwirtschaft und Landtechnik (FAT) in der 
Schweiz, die im Frühjahr 1997 ein erstes Agreement über eine 
Zusammenarbeit bei der Prüfung von Landmaschinen unter-
zeichnet haben. In der Zwischenzeit sind weitere Prüfstellen die-
ser Vereinigung beigetreten, das Centre National du Machinisme 
Agricole du Genie Rural des Eaux et Forets (CEMAGREF) in 
Frankreich, das Danish Institute of Agricultural Science - Re-
search Centre Bygholm (DIAS-RCB) in Dänemark und als asso-
ziiertes Mitglied das Hungarian Institute of Agricultural En-
gineering (HIAE) in Ungarn. Die Zusammenarbeit innerhalb des 
ENTAM wird zur Zeit vom CONAMA koordiniert. 
Ziel dieser Vereinigung ist es, Landmaschinenprüfungen in 
Europa nach einheitlichen Prüfungsvorgaben unter Einbezie-
hung der europäischen (EN) und internationalen Normen (ISO) 
durchzuführen und damit eine gegenseitige Anerkennung der 
Prüfungsergebnisse zu ermöglichen. Im Interesse einer Vermei-
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